Objectives: Over the last 15 years, adequate psychometric properties of the different versions of the Dominic led to the development of the Dominic Interactive for Adolescents (DIA). The DIA is a Diagnostic and Statistical Manual of Mental Disorders (DSM), Fourth Edition, Text Revision-based self-administered computerized pictorial instrument for assessing the most frequent mental disorders in adolescents aged 12 to 15 years. Our study aims to verify the internal consistency, the test-retest estimate of reliability, and the criterion-related validity of this instrument.
A dolescence is a crucial period, involving significant changes in numerous different developmental dimensions that may increase the vulnerability of youths to psychopathology. [1] [2] [3] Epidemiologic studies suggest that adolescents aged 12 to 15 years constitute a high-risk group, particularly for depressive and anxiety disorders, suicidal behaviours, and CDs. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] In the context of an evidence-based approach, the development of standardized instruments for assessing DSM symptoms in youth, aimed at making early intervention feasible and preventing lifetime psychiatric disorders, continues to be an important issue for clinicians and researchers. 10, 11 Because no single informant can be considered the gold standard regarding a child's or adolescent's symptoms, it is necessary to include an adolescent's self-report in the evaluation of psychopathology. 5, 6, 10, [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] Various interviewer and respondent-based interviews were designed to assess DSM-IV diagnoses according to the adolescent report. 16, 19 These 2 types of psychiatric interviews have clear advantages for obtaining systematic and comprehensive information for a large range of diagnoses in clinical and research settings. However, 3 important limitations of these instruments should be considered. First, the long administration time (60 to 120 minutes) of these interviews 19 and their high level of complexity preclude their use by front-line service providers. 10, 21 As instruments assessing DSM symptoms or syndromes could improve the early identification of disorders, 10 their limited applicability in the continuum of mental health services represents a major concern. 21, 24 Second, the method proposed to study the reliability of the DSM-IV computerized version of the National Institute of Mental Health DISC-IV, 25 the most widely used, highly structured, respondent-based interview, 1 6 raises psychometric issues. Although this instrument was mainly designed for community studies, its reliability was only studied in small clinical samples of children and adolescents aged 9 to 17 years. 16, 25, 26 As the reliability is usually more difficult to obtain in community samples, 20, 27, 28 the generalization of results found in clinical samples to the community is limited. Regarding the criterion-related validity, a low agreement (kappas) was observed between the DISC-IV administered by lay interviewers to youths aged 11 to 18 years and clinicians' diagnoses for mood (k = 0.11) or anxiety disorders (k = -0.04). 29 Third, although authors agreed that the level of cognitive development should be taken into account to improve psychometric properties of highly structured respondentbased interviews in children aged 11 years and younger, 16, 19, 22, 30 this issue was not clearly addressed for adolescents. 21 Adolescence is marked by a considerable growth in cognitive abilities characterized by a greater capacity to understand abstract concepts and to use more complex problem-solving strategies (for example, hypothetico-deductive reasoning and metacognitive features such as self-awareness or self-regulation). 1, 2, [31] [32] [33] [34] [35] [36] [37] [38] [39] The formal operational stage begins around 12 years, 36, 37 but substages were suggested to reflect intra-and inter-individual differences between youth aged 12 or 13 years, 14 or 15 years, and 16 to 19 years regarding the development of the higher level of abstract thinking. [32] [33] [34] These differences occurring at any point of cognitive development may be explained by dynamic relations between biological, social, and cultural factors. [33] [34] [35] Many adolescents aged 12 or 13 years may have serious difficulties in understanding abstract concepts and complex grammatical sentences included in traditional highly structured psychiatric interviews. Misunderstanding of DISC questions by children aged 9 to 11 years 30 may extend to young adolescents.
Printed and computerized versions of the Dominic were initially developed to improve the reliability and the validity of the assessment of DSM symptoms among children aged 6 to 11 years for the most frequent mental disorders. 22, 23 To take into account the cognitive immaturity of children aged 6 to 11 years, cognitive theories 39 suggested a combination of pictorial and verbal stimuli, presenting only one concept per symptom, excluding abstract or memory-based concepts (for example, the frequency and duration dimensions of DSM criteria), and a brief administration time (15 to 25 minutes) to respect young children's short attention span. 22 Adequate psychometric properties were found for the DSM-III-R, 40 printed versions of the Dominic (the original Dominic and the Dominic-R), 22, 41, 42 as well as for both French and English versions of the recent DSM-IV-TR 43 computerized version of the DI. 23, [44] [45] [46] The development of a pictorial self-report measure of DSM symptoms for adolescents is relatively recent. Preliminary studies were conducted with the aim of examining the understanding of the drawings, the internal consistency, and the test-retest estimate of reliability of the Dominic for Adolescents, a DSM-III-R-based printed questionnaire, in a community sample of youths aged 12 to 16 years. 21 Although positive results were obtained regarding the reliability of symptom scales of this earlier version, test-retest estimates of reliability suggested that the questions about the frequency and duration of symptoms, as well as the youth's age at the onset of disorders, may reduce the reliability of the diagnoses in young adolescents. 21 These previous works on various versions of the Dominic led to the development of the DIA, a new highly structured pictorial computerized self-report measure based on the DSM-IV-TR.
Objectives of Our Study
Our study addressed fundamental questions regarding psychometric properties of the DIA with 2 specific objectives. First, we analyzed the reliability of the instrument by means of both internal consistency and test-retest estimate of reliability, 47 according to age group (12 to 13 years; 14 to 15 years), sex (girls and boys), and type of sample (community and clinical samples).
The second objective was to evaluate the criterion-related validity of the DIA based on 2 criteria, the clinical judgment on symptoms and the adolescents' referrals to outpatient psychiatric clinics. The lack of a gold standard defining psychopathology 48 requires using numerous independent methods to establish the validity of any measure. 49 The empirical correspondence between adolescents' responses to the DIA and the presence or absence of DSM-IV-TR symptoms based on clinical judgment represented an essential step in the validation process of this new instrument. 22, 50, 51 Conversely, the search for treatment in psychiatric clinics has been recognized as a relevant criterion of impairment reflecting the severity of problems. 22, 44, [52] [53] [54] 
Method

Participants
The original sampling plan aimed at recruiting a subsample of 300 girls and another of 300 boys. According to Cohen, 55 a sample size of 300 generates a standard error of 0.10 or less, when the kappa is 0.40 and the prevalence is 10% or greater.
To reach this prevalence level for most of the mental health problems, each of these 2 subsamples would need to include about 25% of adolescents from the clinical population, the other adolescents would be drawn from the community. 44, 56 Adolescents with serious visual or auditory problems, severe learning disorders, mental retardation, or other developmental problems, as well as those who received a psychiatric followup during the previous year were excluded. A final total sample of 607 French-speaking adolescents living in the Montreal urban area was culled: 465 adolescents from the community and 142 from psychiatric outpatient clinics. As no psychometric differences were observed between the English and French versions of the DI in children aged 6 to 11 years, 23, 44, 45 only French-speaking adolescents were recruited for our study. The community sample was balanced according to age, sex, and the socioeconomic status of the school the adolescent was attending. The clinical sample was unbalanced for age (underrepresentation of adolescents aged 15 years) and sex (overrepresentation of boys).
The total sample (607 adolescents) was included in the analyses of internal consistency and criterion-related validity of the DIA based on referrals to psychiatric outpatient clinics. Owing to incomplete protocols or missing data, 586 adolescents were included for the test-retest estimate of reliability and 592 for determining the criterion-related validity of symptoms based on clinical judgment.
The research protocol (including the consent and assent forms) for the adolescents in the clinical sample was approved by the institutional review boards of the 5 hospitals involved in this study. The protocol of the community sample was approved by the review board of the Rivière-des-Prairies Hospital. Consent and assent forms were signed by all parents and adolescents.
The DIA: Description, Content, Structure, and Cut-off Points
The DIA includes 91 items (pictures and questions) assessing DSM-IV-TR symptoms for 7 of the most frequent disorders in adolescents aged 12 to 15 years: MDD, 19 items ( Figure  1a ); GAD, 16 items; SAD, 6 items; SPh, 8 items; ADHD, 18 items; ODD, 9 items; CD, 15 items ( Figure 1b ).
Although the DIA does not systematically evaluate the duration of symptoms, words such as often or most of the time are used to convey recurrent thoughts, emotions, or behaviours.
To avoid the presentation of only problematic situations to the adolescents, the pictures and questions assessing DSM-IV-TR symptoms have been randomly mixed with 9 strengths and competencies situations (for example, "Do you have fun with your friends?").
The self-administered computerized format of the DIA is similar to the DI format for children aged 6 to 11 years. 23, 44, 46 Colour pictures accompanied by a soundtrack present Dominic as a boy to male respondents, and as a girl to female respondents ( Figure 1 ). A voice-over describing the symptom asks the responding adolescent whether he or she feels or does what Dominic is feeling or doing. Adolescents disclose their responses by clicking the yes or no boxes on the screen. Most adolescents complete the DIA within 15 minutes.
The method proposed to define the DI cut-off points in children aged 6 to 11 years 44,46 was used to establish 2 cut-off points for each of the DIA symptom scales. Lower cut-off points have been set at scores 1 standard deviation from the mean and higher cut-off points at scores 2 standard deviations from the mean. Thus a 3-category rating system (likely absent, possible, or likely present) was determined for each symptom scales : MDD (0 to 10, 11 to 13, and 14 to 19); GAD (0 to 9, 10 to 12, and 13 to 16); SAD (0 to 4, 5, and 6); SPh (0 to 3, 4 to 5, and 6 to 8); ADHD (0 to 10, 11 to 14, and 15 to 18); ODD (0 to 4, 5 to 6, and 7 to 9); and CD (0 to 3, 4 to 5, and 6 to 15). Because the higher cut-off points only approximate DSM diagnoses, mental health problems identified by the DIA are indicative of tendency toward the DSM-IV-TR diagnoses.
Procedures
Adolescent Interviews
To verify the internal consistency of the adolescents' responses as well as the test-retest estimate of reliability of the DIA, all adolescents were evaluated twice, 7 to 15 days apart (mean 9.11, SD 2.27). In the community sample, both interviews took place at the adolescent's school during the regular school hours. In the clinical sample, interviews took place at the hospital.
Regarding the validity of the symptoms based on clinical judgment (Criterion 1), detailed information about adolescents' positive and negative responses was collected immediately after the second administration of the DIA. To avoid fatigue, a maximum of 2 disorders per adolescent was selected using a procedure based on the highest scores on the DIA assessment balanced for the frequency of disorders at retest. The interviewer then asked the adolescent, following a validation protocol, to describe his or her thoughts, emotions, and behaviours using examples from everyday life. The words the adolescent used were transcribed, verbatim (without any interpretation by the interviewer).
Clinical Judgment on Symptoms
The validation procedure proposed for previous versions of the Dominic, in children aged 6 to 11 years, 22, 44 was used to verify the validity of the symptoms assessed by the DIA (Criterion 1). For each of the adolescent's positive and negative responses, the verbatim transcript of his or her examples or elaborations was independently evaluated by 3 doctoral students in child psychology, who received a 3-day training session. A judgment was made by each doctoral student regarding the correspondence between the adolescent's explanatory report and the presence or absence of the thought, emotion, or behaviour reflected in the DSM-IV-TR symptom. Each judge recorded his or her final decision by using a scoring system (1 = absent, 2 = present, 3 = uncertain). The category uncertain was retained only exceptionally when the explanatory report provided by the adolescent was insufficient for making a decision.
Statistical Analyses
Reliability
The internal consistency of the DIA was evaluated by Cronbach's alpha coefficients. 57 The test-retest estimate of reliability was evaluated using ICCs 47, 58 for symptom scales and kappa coefficients for syndromes. 28, 47, 55 As for the kappa coefficient, at least 5 adolescents within each cell of the test and retest 2-way frequency table were required. 20, 44 The interpretative guidelines suggested in the psychiatric literature 47, 59 were used for interpreting the reliability coefficients: no reliability (0.00 to 0.10), slight (0.11 to 0.39), fair (0.40 to 0.60), moderate (0.61 to 0.80), and substantial reliability (0.81 to 1.0).
A complementary analysis was realized with the aim of examining the presence of systematic errors (for example, attenuation) generally observed in the test-retest design. 60 The marginal homogeneity models 61 previously proposed 44 were used in our study. In these models, a chi-square test is available for the 3-category rating system (likely absent, possible, likely present). The hypothesis tested concerns the homogeneity of marginal distributions; that is, the absence of a significant change in prevalences of adolescents' mental health problems between the test and the retest. The program for the analysis of categorical data developed by Vermunt 62 was used to verify this hypothesis.
Criterion-Related Validity
Clinical Judgment (Criterion 1) on Symptoms of the DIA and Interjudge Agreement. Kappa coefficients reflected the level of agreement between adolescents' positive or negative responses and DSM-IV-TR symptoms, as judged independently by 3 doctoral students in child psychology. The interjudge agreement was estimated using ICCs calculated on the symptom scores between each pair of judges.
Agreement Between the DIA and Clinical Judgment (Criterion 1) for the Categories Based on the Symptom Scale Cut-off Points. Kappa coefficients were used to verify the level of agreement between the distribution of mental health problems based on the adolescents' responses to the DIA and the distribution of these problems based on the number of symptoms considered to be present or absent by each of the 3 judges in examining the adolescents' positive or negative responses to the DIA.
Comparison Between Referred and Nonreferred Adolescents (Criterion 2). Referred and nonreferred adolescents were compared for both the mean scores by the Student t test and the categories based on the DIA cut-off points using the Pearson chi-square test.
Results
Internal Consistency
Moderate Cronbach's alpha coefficients were obtained for ADHD (0.80), GAD (0.75), ODD (0.75), SAD (0.73), and CD (0.69). The coefficients were substantial for MDD (0.82), as well as the combined anxiety problems (0.82), the internalizing problems (0.89), and externalizing problems (0.87). A lower coefficient was found for SPh (0.55). The range of coefficients remained relatively constant according to age groups, sex, and the 2 subsamples (community and clinical). Table 1 shows substantial ICCs for all symptom scales (0.82 to 0.87), except ODD (0.78). There were no major differences according to age groups, sex, and community or clinical subsamples.
Test-Retest Estimate of Reliability
Kappa values ( Table 2 ) obtained for the higher cut-off point established on the DIA were greater than 0.60 for MDD, SAD, ADHD, ODD, and the internalizing and externalizing problems. Kappas were greater than 0.50 for GAD, CD, and at least one anxiety problem. However, a kappa of less than 0.40 was observed for SPh. For the lower cut-off point, kappas ranged from 0.54 to 0.67. For both DIA symptom scales thresholds, the reliability generally varied between fair and moderate.
Marginal homogeneity models highlighted a statistically significant change (P < 0.05) at the lower or higher cut-off level between the test and the retest for MDD, GAD, SPh, ODD, and at least one externalizing problem. For SAD, ADHD, CD, as well as anxiety and internalizing problems, the change was not significant. The percentage of adolescents reporting fewer symptoms at retest ranged from 3.1% to 13.7%, while the percentage of adolescents reporting more symptoms at retest varied from 1% to 10.9%.
Criterion-Related Validity
Clinical Judgment (Criterion 1) on Symptoms of the DIA and Interjudge Agreement. Kappa values ranged from 0.70 to 0.99 for about 50% of the 91 symptoms, from 0.50 to 0.69 for at least 20% of the symptoms, and from 0.40 to 0.49 for about 5% of the symptoms. The symptoms for which the kappas were less than 0.40 across the 3 judges are part of the SAD. For the 7 mental health problems assessed by the DIA, ICCs (0.87 to 0.98) indicated a very high interjudge agreement on the clinical judgment of symptoms.
Agreement Between the DIA and Clinical Judgment (Criterion 1) for the Categories Based on the Symptom Scale
Cut-off Points. Kappa values calculated for the higher cut-off point varied from 0.50 to 0.79, except for SAD (Table 3) . For the lower cut-off point, kappa values were greater than 0.80 for MDD and CD, greater than 0.60 for GAD, ADHD, and ODD (except for judge 2: k = 0.58), and greater than 0.40 for SPh. Low kappas were also observed for SAD.
Comparison Between Referred and Nonreferred Adolescents (Criterion 2). Mean symptom scores were significantly different (P < 0.05) between referred and nonreferred adolescents for all symptom scales, except SAD ( A = adolescents with a score equal to or above the cut-off at both test and retest B = adolescents with a score equal to or above the cut-off at test and a score below it at retest C = adolescents with a score below the cut-off at test and a score equal to or above it at retest D = adolescents with a score below the cut-off at both test and retest 6.5%), except for SAD and SPh. Significant differences were also found for any anxiety, internalizing, and externalizing problems.
Discussion
Reliability
Our study highlights the relative consistency of Cronbach's alpha coefficients across age, sex, and community or clinical subgroups. Moderate or substantial coefficients 47 suggest an adequate internal consistency (³0.70) 63 for most DIA symptom scales. The tendency of coefficients to be less than 0.70 for SPh may be explained by the 8 heterogeneous phobic situations (for example, thunderstorms or elevators) as well as by the small number of items defining the SPh scale. 47, 64 Cronbach's alpha coefficients were within the same range as those observed for the DI (0.63 to 0.93) in children aged 6 to 11 years. 44 Substantial 47 test-retest estimates (ICCs = 0.81) found for most DIA symptom scales were also relatively stable across age, sex, and community or clinical subgroups. ICCs were generally higher than those obtained for the DI (0.70 to 0.81). 44 Moreover, test-retest kappas were above the minimum adequacy criterion of 0.40, 47,59,63 except for SPh, which was infrequent according to the higher cut-off point. For both DIA thresholds, most test-retest kappas tended to be higher (0.54 to 0.71) than those (0.42 to 0.62) observed for the DI in younger children. 44 Although ICCs and kappas were acceptable for these 2 instruments, the tendency of coefficients to increase in youths aged 12 to 15 years may be explained by the greater cognitive abilities in adolescence. 1, 2 The presence of systematic errors within test-retest estimates of reliability was observed for MDD, GAD, SPh, and ODD. Our results suggest that the presence of a systematic error of attenuation has probably caused a bias, that is, a diminution of the test-retest estimates of reliability of the DIA, which should be superior to coefficients observed. However, we cannot accurately quantify the magnitude of this bias.
Criterion-Related Validity
The correspondence between adolescents' responses to the DIA and the DSM-IV-TR symptoms, based on the independent judgment of 3 doctoral students in child psychology, was highlighted for all mental health problems, except SAD. Moderate to high levels of agreement (k > 0.60) were obtained for most symptoms and syndromes defined by the 2 DIA thresholds. The very high interjudge agreement on symptom scores confirms the consistency of decisions between each pair of judges in the validation process. However, results suggest important limitations regarding the validity of the DIA for assessing SAD in adolescents.
The criterion-related validity of the DIA was also supported by the significant differences between referred and nonreferred adolescents for most mental health problems. However, nonsignificant differences were obtained for SAD and SPh. Similar trends were observed for the DI, 44 because children and adolescents are typically referred to outpatient clinics for externalizing disorders or severe affective disorders. 27 Thus, few are expected to present SAD or SPh as the principal reason for referral to outpatient clinics. 44
Limitations
Three main limitations must be taken into account for the interpretation of the psychometric properties of the DIA. First, the lower cut-off points may overestimate possible mental health problems in adolescents from the community. Second, the unrepresentative sample limits the generalization of results to any target population of adolescents. Third, the criterion-related validity of the DIA must be interpreted in taking into account the limitations of the 2 validation criteria used in this study. The presence or absence of DSM-IV-TR mental disorders was not evaluated according to a traditional diagnostic interview schedule.
Implications
As all existing DSM-based standardized instruments possess advantages and limitations, the choice of a measure depends, in wide part, on the purpose and the context of the assessment. 16 The DIA presents considerable advantages both for clinical evaluation in the continuum of mental health services and for research protocols in a public health context.
Implications for Clinical Evaluation. The DIA uses computer-based technology to provide clinicians with a new user-and adolescent-friendly self-report measure yielding DSM-IV-TR diagnostic approximates with convenience and brevity. It could be particularly helpful for front-line service providers to identify internalizing disorders rarely or wrongly reported by parents or school teachers (for example, reporting depressive symptoms as ODD), when they refer adolescents to outpatient psychiatric clinics. In this context, the results generated by the DIA provide a common language between front-line professionals and psychiatrists regarding the most frequent mental health problems in adolescents. This instrument could be also useful as preclinical screening before the psychiatric interview with adolescents. The DIA's brief administration time and self-report format allow it to be used in conjunction with other measures during the same session, enabling the determination of the convergence of results in clinical evaluation. However, clinical judgment is always necessary in decision-making about intervention.
Implications for Public Health. Mental disorders relatively frequent in young adolescents (for example, unipolar depression) are among those ranked highest in the World Health
Organization's estimates of the global burden of disease in adults. 10, 65, 66 As many lifetime psychiatric disorders have their onset in childhood or adolescence, epidemiologic studies are necessary for the early identification of these disorders to develop primary and secondary prevention programs. 10 The brief computerized format of the DIA provides advantages to establish prevalence estimates of the most frequent adolescents' mental health problems in large community samples. To reduce the probability of false-positive errors, only scores equal to or above the higher cut-off points may be appropriate in the epidemiologic context. The lower cut-off points were not intended to provide prevalence estimates but to draw attention to possible false negatives in the clinical context.
Implications for Research.
As SAD obtained a low criterionrelated validity, we have excluded this scale in the final version of the DIA. Future works on this measure should involve the addition of other disorders relatively frequent in adolescence such as social phobia and a scale for assessing the suicidal risk.
Future research needs to examine validity of the DIA against external criteria not yet used. It will be important to verify the capacity of the DIA to predict psychiatric diagnoses based on an interviewer-based interview 16 and high-risk groups 10 such as adolescents referred for suicide attempts. Analyzing the DIA's predictive validity using longitudinal designs will represent a fundamental step in the validation of this instrument. Although it does not provide any incontrovertible proof of the validity, 19, 48 the construct validation of any measure refers to long-term empirical evidence of the theoretical relevance of the constructs. 50, 67 The use of the DIA in various epidemiologic and clinical studies may provide empirical data (for example, comorbidity and risk factors) supporting the plausibility of its constructs.
Conclusion
Findings of our study reasonably support adequate reliability and criterion-related validity of most mental health problems assessed by the DIA in adolescents aged 12 to 15 years. Overall, results suggest that this instrument may be a suitable self-report measure to approximate DSM-IV-TR diagnostics in clinical and research settings.
Résumé : Propriétés psychométriques d'un instrument pictographique d'évaluation de la psychopathologie chez les jeunes de 12 à 15 ans : le Dominique interactif pour adolescents
Objectifs : Au cours des 15 dernières années, les propriétés psychométriques satisfaisantes des versions antérieures du Dominique ont mené au développement du Dominique interactif pour adolescents (DIA). Le DIA est une mesure pictographique, informatisée et auto-administrée qui évalue les troubles mentaux les plus fréquents chez les adolescents de 12 à 15 ans, selon la symptomatologie du Manuel diagnostique et statistique des troubles mentaux, 4 e édition révisée. Cette étude a pour but de vérifier la cohérence interne, la fidélité par test-retest et la validité de critère de cet instrument.
Méthode : L'échantillon total incluait 607 adolescents de la région de Montréal (population francophone en général : 465; population francophone clinique : 142). Des coefficients alpha de Cronbach évaluaient la cohérence interne alors que des kappas et des coefficients de corrélation intraclasse (CCI) estimaient la fidélité par test-retest. Deux critères ont été retenus comme indices de validité du DIA : le jugement clinique sur la présence ou l'absence des symptômes (attribution de cotes indépendantes par trois juges) et les références d'adolescents en cliniques externes de pédopsychiatrie.
Résultat : Pour la majorité des échelles des symptômes du DIA, les coefficients alpha de Cronbach variaient de 0,69 à 0,89, les kappas étaient = 0,50 et les CCI se situaient entre 0,78 et 0,87. La validité de critère a été démontrée pour les symptômes, les échelles de symptômes et les catégories définies par les seuils du DIA.
Conclusion :
Puisqu'aucun informateur ne représente le critère absolu pour définir la psychopathologie, il est nécessaire d'interroger les adolescents sur leurs symptômes. Cette étude suggère que le DIA possède des propriétés psychométriques satisfaisantes chez les adolescents de 12 à 15 ans.ont communs aux traitements et qui sont responsables des effets équivalents.
